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RHIC: eight key unanswered questions

Hot QCD Matter Partonic structure

Temperature (MeV)

200 GeV ‘
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6: Spin structure of the nucleon

7: How to go beyond leading twist

and collinear factorization?
A QM Q,)/A*

Non-lineatr «——/—— Linear
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1: Properties of the sQGP
BFKL
2: Mechanism of energy loss: o ,
weak or strong coupling? DGLAP
] . . . : -
3: Is there a critical point, and if so, where? ok L nG
4: Novel symmetry properties 8: What are the properties of
5: Exotic particles cold nuclear matter?
P STAR Decadal Plan

http://www.bnl.gov/npp/docs/STAR_Decadal_Plan_Final%5b1%5d.pdf
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dE/dx (keV/cm)

Particle Identification at STAR
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Jets & Correlations
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High pr muons
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Multiple-fold correlations for the identified particles!
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STAR Detector Systems

l

2001-2010

2009
2010
2013
2014

ud,s
DAQ1000
TPC + TOF u, d, s + dilepton
TPC + TOF + MTD
TPC + TOF + MTD + HFT u,d, s, c, b+dilepton

 STAR: large coverage, excellent PID, fast DAQ
- detects nearly all particles produced at RHIC

- multiple fold correlation measurements

- Probes: bulk, penetrating, and bulk-penetrating

 STAR: perfect mid-y collider experiment

 STAR: expanding into forward rapidity regions
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Citation Summary

Source: inspire.net
Generated on 2015-06-04

172 papers found, 172 of them citeable (published or arXiv)

itation summary results Citeable papers
Total number of papers analyzed: 172

Total number of citations: 20,037
Average citations per paper: 116.5
Breakdown of papers by citations:

Renowned papers (500+) 9
Famous papers (250-499) 10
Very well-known papers (100-249) 36
Well-known papers (50-99) 32
Known papers (10-49) 69
Less known papers (1-9) 14
Unknown papers (0) 2
h.ep index 2 69

Published only
172

Citations

* asperluned

e 20,037

172 peer-reviewed
scientific papers

e 2005 white paper: 2049

average citations/paper:
116.5

Renowned and Famous Papers: 9 + 10

— 2014: 6 and 9

BNL - June 17, 2015
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STAR Publication History
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June 2014 - 2015

e 15 published papers

— 7 PRLs, 3 PRCs, 5
PLBs

9 submitted

* 10in collaboration
(GPC) review process

15 proposals readied
for GPC

7 PhD graduations



Physics Organization:

PWGs & Editorial Board

New entity in STAR’s editorial process
e GPC chairs and PWG conveners

* Track progress in GPC

* Quickly recognize issues that can
benefit from direct PAC/convener

involvement
* notanew layer

Physics production priorities
regularly reviewed and set
by the joint PWGs

BNL - June 17, 2015

Physics Analysis

Coordination

e Spokesperson

|

Bulk-Corr PWG

Light-Flavor
Spectra PWG

PAC Meeting

Jet-Corr PWG

Heavy-Flavor

_ Paper Godparent
Spin PWG . .
Committee chairs

UPC PWG



Formal Paper Process
g tracked by PWGs > € tracked bz Editorial Board >

PWGC “early”

preview

PWG review
introduction
outline of data ‘
and physics review physics analysis
draft plots review draft
technical note “
(incl. analysis code) Collaboration

review paper

ensure persuasive ‘ Journal
physics message Submission /
technical accuracy

Review

Referee
correctness of analysis from all of STAR + Report

open for comments

5 institutional readers

distribute report to
the collaboration

work with GPC on response
BNL - June 17, 2015 PAC Meeting 10



2014/2015 Submitted Papers

Long-range correlations in d+Au

Long-range An dihadron correlations in d+Au
— 1502.07652 (accepted by PLB)
Effect of event selection on jetlike

correlations in d+Au at 200GeV
* recently accepted, Phys. Lett. B 743 (2015) 333

Dielectron measurements

dielectron v, in 200GeV Au+Au
—  Phys. Rev. C 90 (2014) 64904
dielectron mass spectra

— 1504.01317 (long paper, subm. to PRC), and
Phys. Rev. Lett. 113 (2014) 22301

leptonic decay of $(1020) in 200GeV Au+Au
— 1503.04217 (subm. to PLB)

acceptance corrected dielectron mass
spectra in 19.6 and 200GeV Au+Au
*+  1501.0534 (subm. to PLB)

Beam Energy Scan

CMW and charge asymmetry dependence of
v,

— 1504.02175 (acc. by PRL)
Beam energy dependence of v, of protons,

antiprotons, and pions
*  Phys. Rev. Lett. 112 (2014) 162301

Au+Au at 200GeV

v, in Au+Au and U+U

—  1505.07812 (subm. to PRL)
charge-to-neutral correlations at forward
rapidity

—  Phys. Rev. C 91 (2015) 34905
Measurement of AA correlations

—  Phys. Rev. Lett. 114 (2015) 22301
dihadron correlations with identified leading
hadrons in 200GeV Au+Au and d+Au

—  1410.3524 (subm. to PRC)

Transverse polarized p+p at 200GeV

Transversity measurements in polarized p+p
at 200GeV
— 1504.00415 (subm. PRL)



Paper Plans in PWGs: Previewed
e e wew

Heavy
Bulk-Corr
LFS

LFS

Spin

LFS
Bulk-Corr
Heavy
Spin

Spin

LFS
Heavy
Spin
Jet-Corr

LFS
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May 2013
March 2014
March 2014
August 2014
August 2014
September 2014
November 2014
November 2014
December 2014
December 2014
January 2015
April 2015

May 2015

May 2015

May 2015

NPE production and v, in Au+tAu@200GeV

light-nuclei v, in BES

Repin BES

Coulomb effect in Au+Al (fixed target)

dijet cross-sections/ A

direct virtual photons

v, for kaons in BES

J/U in Au+Au @{39,62,200}GeV

Collins in p+p@500GeV

WA,

muonic atom search

Upsilon production in U+U@193GeV

v-jet cross sections p+p@200GeV

Direct photon and charged hadron azimuthal correlations

strangeness in BES

PAC Meeting
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Offline Physics Production

» Physics production priorities regularly
reviewed and set by the joint PWGs

with input from Software & Computing
leadership

Prioritization 2014/15 — considerations:

Priorities from PWGs (mid 2014)
1. Run-13 p+p

— finalize W production and proof-of-
principle for geometry/distortion
corrections

2. Run-14 14.6 GeV
—  fully calibrated, final production
3. Run-14 200 GeV
— fully calibrated, final production
4. Run-14 3He and/or Run-12 U+U
— followed by Cu+Au
Modification (early 2015)
» Strong interest from PWG to increase
run-12 Cu+Au priority w.r.t. 3He+Au

» PWG request motivated by preliminary
CME & LPV results

BNL - June 17, 2015 PAC Meeting 13



Run 13 and 14 Production Status

Run 13 p+p@510GeV 5 [+ - | Run14:
*  First half produced * preview productions |
— started Feb.’14 © AutAu@14.6Gev. v
» 27 half after PXL inclusidn | -/ & Sn;a”h;Ar:C;zeOOGev R
: ?nrz:llzhdeei ?\)IITDDeC- WA — limited calibration RN

— initially limited physics scope
* Aut+Au @ 14.6GeV

— production finished Jan.’15
* Au+Au @ 200GeV

— started Mar’15

— includes HFT and MTD
— well underway (as of now):

STAR User’s jobs moving
to PHENIX nodes

e 700M (incl. HFT)

very high production « MTD stream :: ~300M
efficiency — 70% ~Dec.’15
S O T — 100% ~Feb’16
* h+Au @ 200GeV

— full production, post QM’15

Concern about lack of scaling of available computing resources

BNL - June 17, 2015 PAC Meeting 14



Computing resources

Computing resource planning done every 3
years. Based on:
= BUR plans & performance
projections
= Detector upgrade plans
= Historical trends — time for event
reconstruction within 12% of
projected — uncertainty mostly due
to trigger selection.
= Contingency margin at 15% level

DATASET Production STATUS
2014 70% by end of 2015
2014 100% by spring of 2016
2015 50% “preview” by end of 2016
2015 100% pass by 2018
2017 100% ~ 2020!

Lots of good physics potentials but limited resources!
STAR will continue to develop production plans based on physics priority, but
issues compound with the years.




Spin highlights: W= A

probing
quark sum (T+d)

probing
y
h
unpolarlzed

W= transverse single-spin asymmetry A

» constrain sea-quark Sivers function
run 11 (transverse, 500GeV) ~25 pb-!

e- probing
dﬂ

polanze
beam beam
proton proton
collision zone
z z [
- STAR preliminary e Wr—1*v - STAR Preliminary e W=ty
z 1 - - B . .
- 0 + 7 H . — -
0.8 ;Z - l l STAR preliminary O —e— w Iy N W =Ty
0.6f ° 05 | —t— o 0.5¢
n } = —t—{ - —9
0.41 - }_‘_:—r—:__:_‘._‘ L —_—————
E l ol -+l L [ S I L s, oS e A=
0.2 %, C
e -0.514- 1 051
-0.2f - -
s 14 STAR p-p '500 GerL 25 pb 1- STAR p-p 500 GerL 25 pb
-0.4r =10 Iyl<1 - 05<P;<7GeV
O 6 r STAR p-p 500 GeV fl- 25 pb r 3.4% beam pol. uncertainty not shown r 3.4% beam pol. uncertainty not shown
-'0<P<256ev I S 1of O ————— Fo—
-0.81 ©3.4% beam pol. uncertainty not shown el 12'5’:T 10:5 % . el s
_1 L I | I I I | | | L I I % 10— * . . ; 4 . .
-1 0 1 5- ' . 3 2
0 0
yZO 12 3 4 5 6 7 8 9 10 06 -04 02 0 02 04 0.6
Pr y
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Relative Statistical Uncertainty [%]

Spin highlights: o(W?)

W+ production cross sections ratio -> unpolarized light sea quarks PDF
run 11 (transverse, 500GeV) ~ 25pb!

run 12 (long, 510GeV) ~77 pb*

run 13 (long, 510GeV): ~250pb!

e 2013 will provide significant improvement in stat. uncertainties

— 2013 p+p production finished

» analysis underway
Run 13 Statistical Impact

50 —
40 ;_ ' Run-11+12 Stat. Uncertainty
30—
- Projected Run 11+12+13 Stat. Uncertainty.
20—
10
0
10
20
woE- Run-11+12 ~ 100/pb
“0E- Run-13 ~ 250/pb
Eolo o
S0 -0.5 0 0.5 1
n
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Spin Highlights: Inclusive Jet A |

Gluon contribution to spin of protons Ag(x)

»run 9 (200GeV)
submitted to PRL

0.07= STAR 2009
0.06 p+p — Jet+X
0.05 Vs=200 GeV

0.04
J0.03
Jo.
0.02
0.01F

-0.01F

1405.5134

0.07F
0.06F
0.05F
0.04F

j E
<003;
0.02F
0.01F

E " +6.5% scale uncertainty
-0.01 from polarization not shown

Parton Jet P, (GeV/c)
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= L ,
< . STAR p+p —>Jet+x .
0.02" 2012 Y5-510 GeV R=0.5 |1|<0.9 Prellm
| 2009 r_znn GeV R= ue |n|<1 o
L : I
L — LSSillJp 5 .
A DSSV'14 R S— WL T, . .
0.01 B NNPDF1.1 TP g b
: Solid curwj:s 510 GeV; dotted :r:unres 200 GeV
| +6.5% polarization scale uncertainty not shown
1 | | 1 | | | 1 1 | | 1 1 1 | | | | | | 1
0.0% 0.05 0.1 0.15 0.2
Xr (=2p_/Vs)

inclusive A, at 510 GeV
— will involve runs 12 and 13

» run-12 510GeV data agrees well with
200GeV in the overlapping x; region

PAC Meeting 18



Spin Highlights: Transversity

IFF A, in pp 200 & 500 GeV

= 0.08
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First signals of transversity in pp collisions!
Important tests of evolution and universality!

PAC Meeting

19



Heavy-lon Highlights: 14.5 GeV Au+Au

* Concludes Beam Energy Scan — Phase 1

— many BES papers have been submitted/accepted
in the past years (7 acc., 5 subm.) Studying the Phase

e Most 14.5GeV analyses are at their final stages |l Ly
Matter at RHIC <

— 24M events (BES-2 request for ~300M) | )
* June 2015 Collaboration Meeting: I
» 19 analyses that involve 14.5GeV data

» preliminary results available for all key BES
analyses

~ STAR Preliminary e« 7.7GeV
statistical errors only = 11.5GeV
14.5GeV
19.6GeV
¥ 27GeV
= 39GeV
*  62.4GeV

—10

8650us/a11qnd/saloulels/yy1S/Ao08 |uqg-iers-ednip//:sdny

IIII|I[|

Rep [(0-5%)/(60-80%)

][llllllll

N

part|

II|IIII|IIII| |II
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Au+Au 14.5GeV results

Publication Strategy:

» Results will be integrated with several (BES)
paper proposals that are already in an
advanced state:

— Kaon v; measurements
— ldentified particle v,
— BES v,
— RCP of charged and identified hadrons
— Rapidity density
» |In addition, key results will be shown at
QM2015

) . ) oasf o  STARPreliminary -
— 3.9GeV fixed target analysis using 14.5GeV E v e
data L /,,V*H‘l.\ \% .
- . X : u
— strangeness: Q, ¢, Ks, A, and = results 0.0sF _{; =
. . ST 4 (e) 1
— Light nuclei B, 1 T A E
0 1 2 3

P, (GeV/c)
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Heavy-lon Highlights
CME and Au+Au 14.5 GeV

see Gang Wang’s contribution
Charge Separation in BES

« differenty_andy, consistent with CME expectations

* charge separation diminishes at lower energies
» 14.5 GeV follows the trend

< 15- 200 GeV 1 62.4 GeV 1 39 GeV 1 + 27 GeV
8 O opposite charge
x , * samecharge T
-~ 5
/\& ‘@._A
S Q-0-6- O §Re
& . ¥
"o k.7
? f } f i H } f f Ht f f f
etf 40 19.6 GeV 1 14.5 GeV 1 % 11.5 GeV
\UO)/ 30k 1 STAR preliminary | 1'1
20r I f
T 9
> 10 5
0 1 [Ra “| - ':‘“ 1 |\-'“ L X~ el |
40 20 080 60 40 20

% Most central
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Heavy-lon Highlights
CMW and Au+Au 14.5 GeV

v, of particle and anti-particles as a function of the charge asymmetry A ,
— slope parameter in v,*=v,"3¢ + (q./p.) A,

e Chiral Separation Effect + Chiral Magnetic Effect - Chiral Magnetic Wave
— collective excitation
— signature of chiral symmetry restoration

e STAR measurements at 200GeV consistent with CMW theoretical
calculations

» similar trend pattern down to 19.6 GeV

i - _
g v iyt ++ ¥ ¥ +‘F*++
O LIS A LA +****+H ............... JF
9
Q
o + Au + Au 200 GeV Au + Au 62.4 GeV Au + Au 39 GeV + Au + Au 27 GeV
© 5 - - = x
g
o 5k + L + STAR Preliminary _T L
3 | HH’+ etetd 0 et u

# T
-5 Au + Au 19.6 GeV " Au+Au 14.5 GeV r Au+Au 11.5 GeV r Au+Au 7.7 GeV

1 1 1 " PR P Al " N
0 20 40 60 0 20 4 40 60 0 20 40 60

0 60 0 2.0
BNL - June 17, 2015 0% MOSFCARANS
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Heavy-lon Highlight: Fixed Target

* Gold target inserted in 14.5 GeV run

— Vs = 3.9 GeV

— 2015: test run with beam lowered for
direct collisions with target (Vs,,=4.5

GeV)

» Fixed target preliminary results
consistent with published data

39GeV Au+Au Event

BNL - June 17, 2015

Target Design 2014 and 2015

Target design:

Gold foil

1 mm Thick

~1 cm High

~4 cm Wide
210 cm from IR

Lots of
background, but
the target events

are evident
s,
&
9,
>
S Gold Target. e
2 ¢ = e = 1
Figure made by Alex Schmah 1 50 200 250 300
PAC Meeting 24
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Heavy-lon Highlights: Quarkonia

J/U=>u+u-(BR¥6%), Y>u+p-(BR~2.5%) _Reconstructed J/w peak
— 1 E 33 M D1 muon trlggered events

NOy conversion _ S0p Run 13 p+p @ 500 GeV Iy, |<0.65

— less Bremsstrahlung = better resolution a __Unlikesign

— less contribution from Dalitz decays
— trigger capability for J/{ in central A+A

----- Like-sign
- Signal

* Run 13: MTD dimuon trigger commissioning
» J/P production in pp@510GeV

55 6
. M, (GeV/c)
 Run 14 data with full MTD
> J/Y RAA/V2 R e A B P 3 S T o
T o PHENIX, PRL 2007 7 - ® Yis-u
1.2 o spar pLB 2013 7 - B oves

J. b 0.8—

‘I .I. ¢ .I. JI: T i Y@S)-y
b . @ V(15+25+38)¢'€, lyl<0.5
<o, 8 — o.e* (%
; TR SRR

0.6 H 1 Wb

0.4 7 :
0.2- [E e + I T T I
: l L : ‘ L ‘ L 71 Ll ‘ L1 ‘ L1 11 ‘ L1 11 ‘ L1 11 ‘ L1l
BNL - June 17, 2015 00 p 10 % 50 100 150 200 250 300 zgo
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Heavy-lon Highlights: Op

 HFT will enable high-precision

open-charm measurements

— charmv, and R

Analyses are all ongoing
— DY*/* Ry scpand v,

— Dg measurements

» clear D? signal with HFT
— when compared without

Counts (per 10 MeV/c?)

700
600
500
400
300
200

100

L B L
STAR Preliminary

Au+Au Vs = 200 GeV

RHIC Run 2014

[0

L1l

1.7 1.75 1.8 1.85 1.9 1.95 2

= " FWithout HFT Cuts ; T R
- oF 1 3
= oF 1 =
- With HFT Cuts 125M MinBias Events 3
=k e} SWS+B =18 =
= [ N - R R b 3
. | | i B A B

2.

2.05

Invariant mass, mg,, (GeV/c?)
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STAR at Major Conferences in 2015

SPIN 2014 + DIS 2015

* open heavy-flavor

* |FF and Collins A in pp @ 200,500
GeV

* jet A measurementsin p+p @
200,500 GeV

e W*A in pp@510 GeV

* W=* A, measurements in p+p
 WH* cross sections ratios pp
 STAR forward upgrades

HardProbes 2015

— accepted: 6 oral + 4 posters
— one plenary (invited)

* di-jet imbalance
* jet production
* opencharm

HardProbes 2015 (cont’d)

* bottomonium production
J/ in pp@500GeV
* dielectron and direct virtual photon

* [poster] DO reconstruction with HFT

SQM 2015

— accepted: 6 oral
— one plenary (invited)

 J/P and P(2S) in pp@{200,500}GeV
 BE correlations of kaons in p+p
* strangenessin U+U

e central dependence v2 of multi-
strange particles

« KO° A, and = measurements @14.5GeV
e Phi-meson v2 in UU and AuAu



Summary

* Runs 13 and 14 have been very successful runs
— new HFT & MTD with improved DAQ and high luminosities
— STAR has entered its high-precision Heavy-Flavor era
— 14.5GeV data set concludes BES Phase-1
* Run 13 p+p production finished
— datais included in ongoing analyses
* Run 14 productions are underway
— 14.6 GeV ready, analyses in final stages

— 200 GeV ongoing, expect to finish by Feb’16
* aim to have >50% ready by QM2015

— small 3He+Au set produced, full production after QM2015
* statistics preview sample limited

» concern regarding scalability of offline production resources
e BES results and papers steadily made available to HI community
— 14.5GeV results to be integrated in existing BES paper proposals

» Looking forward to new data sets with new results!
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STAR Paper Proposal Tracking

Note: input to each plot involves

published papers only
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